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WIND-TUHFEL TESTS OF SINGLE-~ AND DUAL~ROTATIEG PUSHER
PROPELLERS HAVING FROM.THEREE. TO EIGHT BLADES

By David Biermenn and ¥. H.”Gray
SUMHMARY

Tests of 1LO~foot~diareter, single~ and dual-rotating
pusher propellors having from ibree o eigat bledes were
conducted in the 20-~foot provaller—research tunnel as a
contiauatior of previous investigatione of tractor pronel-
lerc, The propollere wore nmounted at the rea» end of a
stroanline body in spinnors thet covered tha hubs and part
of tre sucnks. The offost of splnnor longth wne_also 1p~-
veatigatecd, Blade~rnglo scttings renged from 20 to 70 .

Thes efficiencies of the dunal-rotating provellers in
the pushor position ivers sbout the same as for the tractor
position, tmw +tlke efflclencles for the single—~rotating
propellsrn were somawhat less., The galns due to dudl fo-
tatlion were, consequently, greater Ffor the puslhier posl-
tlion than for tke trector position, amounting %o as much
as 16 perccnt as comnpared with & psrcent. The gensral
effocts of dual rotetionx on other mnropeller characheris-
ties were substantleally the same for the pushar positioa
as. previously noted for %he tractor posiilon.

IITRCDUCTION

Two previously publisked reports (references 1 and 2)
present the resultes of tests on tkreo-~, four-, slx-, end
eight~dlada, singlo- and dual-rotating propellorsc for the
tractor condition. The procent report prosents tho re-
sults of subsoquont tosts of the same propollers mounted
in thc pushor poslition.

Tho offoct of an olonghtod splnner, doth fixed and
rotating, was also studiod, No wing was usod for tho
pushor tosts.

APPARATUS ANRD iIBETHODS
The prosont investigation is a continuatlion of others

previously made in the propellor-rescarch tumnel. (Soo
roforoncos 1 and 2,) A detallod deseription of tho appa-
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ratus and mothods wlll therefore not be ropcated. 4 short
doescription followse in order to make ropcated roeforonce to
the provious roports unnocossery,

Hodel .~ The model used 1n the previous tests was
turned end for end. As Doth onds of the body &aro ildenti-
cal, the flow ovor the body was similar for tho tractor
and pushor studies.

The silzx-bdledo (dusl- and single-rotation) tosts were
ropcatod with a spinner three times as long as the short
one normaclly used, (Sooc fig. 1.) This splnnor was so
constructod and supportod that 1t could elther bz fixod
or froo to rotato. .

Pronellerg.- The four-, olx-, and elght-blade propel-
lere, sirgle- 82ad aual-rotatling, were mounted in two-,
three~, or four-way hubds as the cese required and spaced
in tenden apnroximately 10 inckes. (Sse figs. 2 and 3.)
Preliminnry %eets were made to0 determine the optlmum angu-
lar disnlacemnent between the front nnd rear propeller
blades ‘or tae singlo~rotatlion tosts. These tosts showed
no cnprocleblo aerodynamiec digference between the varilous
gpacings vithln a range of 30  on eithor diroction from
an eqgual spacing. Owlng to the posltion of the shaft
spliros, equal spacirg wos 1imnorsiblo; for four-, six-,
and elghit~hlnde slnglo-rototing propgllars,otho front o
blade tiaerefore led tie rear by 85.4 , 75,0 , snd 5.5,
respectively.

The blades used for this lnvestigatlon were the same
as previously tested; Hamilton Standerd 3155-6 and 3156-5,
right-hond and left-hand, respectively. Blade—form curves
are glven 1in figure 4, Clark Y sections are incorporcted
throughout,

Tegt conditions,~ Becruse of the limiting tunnel
speoed (approximately 110 mph) and the liniting power of
the drive motors (two 25-hp eolectric notors), tlle Roynolds
number =2né the tlp speed werc considorably lowor than
thoso exporienced in fligh.. Tho maxlimum propoller speodi,
which was 550 rpm, wes obtalnable only for the low blade
angles and tho low V/nD range of the tosts., Tho tip
spoed, conscquoently, was bolow 300 foot por socond, ~nd
thus the effects of compressidllity could not be monsured.
The Roynolds number of the 0,75R section was of the order
of onc million.




The right-kand (front) propellor was set at ovoen
valuce of blado setting for the dual-rototion teste. The
left~kand (rear) was set to absorb the same power as. the
right~hand propeller for the peak-afflclency conditlon
only, A plot of the angular difference between the rlght-
and the left~hard propeller-blrde settings 1s given 1in
flgure 6, The speed of the right- and the left-kand pro-
pellers was mglntalined equal throughout the teste. The
test procodure was the scme as that vesed for previous in-
vestligantions in thie tunnel,

RESULTS AFD DISCUSSION

Tke measured values heave been reduced to the usuval
coafficlents of thruet, power, and propulslive officlency.

G = effectivo thrust
o= 5

p n® D*
Cp = engino nower
= p r® D°
N = Cp ¥
' Cp nT

5 ;T‘ o

c =7Pv — -
8 Pna -
G

vheroc the effoective thrust is the moasurod thrust of tine
propeller~body combinatlion plus the drag of the body merns-
ured separately, and 3

P power obsorbed by propeller, foot~pounds per second
VY alrspeed, feet per gsecord '

D opropeller diameter, feet

n propeller rotetlonal speed, revolutions per second

p mnass deansity, slugs per cubic foot



" These coofficlents wers plotted ngainst V/anD., The
results aro glven in tho following figuros:
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efficloncy-onvolopo comparisons for difforont
gollditios

ratlio of powor absorbed por blado ot ponk offl-
cioncy to that of a throo-bdlado propoller,
silngle and dunl rotation

compnrlisons of officlioney onvolopos for tractor
"and pusher propellers

effect of dunl rotation on efficlency and thrust
at constant power

design chart for propellers 3155-6 pnd 3156-6
of different soliditles, esingle rotation
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relatlion between hellical tip speed, forward spsed,
and equivalent V/aD




The results of the pusher tests are 1n general agreo~
ment -with the tracior teets previously reported (refer-
encee 1 and 3) as regards the effect of dunl rotation on
power absorbed and efficilency. Thoese effects may bo obe
servod 1n detnil from an insvoctlion of the ocharactorlstie
curves prosentod 1n flgures 14 to 17, 23 %o 26, and 32 %o
35, whoroln roprosontativo rosults from tho singlo-
rotation tosts aro suporimposed on the dval-rotatlon plots,
0f genoeral intorost l1s thoe magnltude of tho gaolin 1in offil-
cloncy duo to dual rotation, wvhlch was somowhat groztor
than oxperiencod 1n tho itractor invostigation, and also
tho relative powor absorbed by the singlo and dual propel-
lors, which was about tho -samo as for tho tractor tests.
Tho consoguoncoes of thoso offocts are analyzod moro fully
In dctall lator.

Effect of mounting singlo-rotatling propellors in
tandom hubs.- Tho modol condltions for tho sinzle-rotatlon
toste worc ldontlcal to thosoc for tho dual—-rotation tosts
in that tho samo hubs and spinncre woro uscd. In doth
casos half tao total number of tlados wero ia oach hubd of
the tandom arrangomont. As the slagle-rotetlon dlados
woro arrrngod in thie unorthodox manncer, it was dosirod
that tno oifoct of mounting thec blanlos all 1n a singlo hud
should also bo doSormined for the ono caso of four blados.

Figuros 10 to 13 prosont tho rosults ,of soparato
tosts mede with all four bledos in tho front hubd, four
blados 1n tho roar hudb, as woll as two blados in ocach hub,.
Tho tests seem to confirm the theory that the set-up with
two blades 1n sach hudb would result in nn efflclenocy that
1s the overcge of efflclencies obtained with the four
blades tested separptely in each hub, The front eplnner
covers approximntely 24 inches more of each blade shank
thon the rear spinner, which nccounts for the apprecladly
higher efflclency of the propoller in the front position.
an incrense of 1 to 4 percent,

Effoct of spinner length.~ It was reallzed that for
‘the pushoer teets tho shapo and the slzoe of tho splanner

might have an important offect on thoe results. Two splin.
ners were thereforo lnvestlgantod, a short splnner that
was standord for all tosts, and a long ono (soe fig. 2)
used for o fow tests wlth dix-~-blade singloc and dual pro-
pollers. The long spinner was so deslgnod that 1t might
elthor be fixod or allowed to rotato.

— - ———




Compar 1sons of tho relativo morite of the long and
the short splnnors aro made on tho basls of a not offi-
eloncyi the Arag of tho body with tho short splnner 1s
usod for tho computations, This form of comparison 1is
nocosesary bocruso tho long splnnor added drag, whick should
bo charged ngninst thoe propoller 1f the only purposo of
longthoning the spinner 1s to lncroase tho propulsivo eof.
ficloncy. )

A goln of 2 to 3 porcent (soo figs. 37 to 39) in not
efflclency wns real ized Tor the long spinrer over the
short splnner for sinzle rotation; the oeffect on efficlen~
cy of having the sninner rotating or flxed was negliglible,

The emall galn in net efficlency for the long splnner
was confined to the low V/aD range for the dual-rotating
propsllors, “iat tke long spinner benefi 3u:d the single-
rotating vropellers to a greater extent than tlhe duel prow-
peilers ziay po eccounted for by the fect that the rotating
slipstreem of the slngle propellers mlght have caused ear-
ly separatlon from the ashort splnner, This rotatling slip-
strean wae not present for dusl rotation,

Inasimuelh as the loag epinner added drag, & loss in
efficlency aizht bs expoctod for dual rotation. That
this loss was not reallzed was probadly due to tho fact
taat thoe lonz =plnaer wae also largor in diamoter than tho
snall one and thus covorocd up nore of tho poor blado
ghanks,

Effoct of solidilty.- Envolopoe offlclency counparlsons
for propollore of difforont solldity are not of nuch
practical intorest becauso tho nower absorption 1s dlffer-
ent for dlfforont solidlislos. Curvos of thls type nrovide
a megsure of blade efficiercy, or the effect of blade 1n-
terference. The geneoral effect of increasling the solidity
for singzle roiation, shown in figure 40(a), was to reduce
the efficiency several percent over the V/nD range; a
drop of 4 to 10 percent was experienced in going fron
three to elight blades., The loss in offlciency resulting
fron increasling thoe solidity appoeared to be neglizible for
dual rotation, as mary bo noted from figuroe 40(d).

Conparlsons are nade in figures 41 and 42 for tho
power absorbed at poal: efficlency per blade, relative to
that for the bledes of a three-blade propeller. Taese
plots 1ndicate that the effectiveness of each blade of a
dual propeller 1ln absorbing vower was substantlally nore



. thap: tha’ for a single-~rotating propeller, an effect no-
ticed for the tractor propellers as well (refereice 2).

The 1individual blades of an elght-blade dual propeller adb-
sorbed enproxinatoly 84 percent a8 nuch power as oach
blado of a taroco-blade silngle propoller as compared with
81 porcent for an olght-blade singlo prorellor,

Conparisore of singslo gnd dual rotation for both
tractor aznd pushoer positions.~ Tho inprovoment in offi-
clency dmno to Gual - rotation was noro pronouncod for tkro
pusher propollers (fig. 42) than for tho tractor propel-
lors of roforoncoee 1 and 2, Tho gain for tho pushor pro-—
- pollers rangod from 1 to 16 porcent as compared with 1 to
8 poercoant for tho trector propallors, dopending upon tho
¥/nD, +tho nunboer of blaleos, and sinilar factore.

Tho grometer improvonrent irz officloncy duo to dual
rotation for thc pusl.or posltion was not geanorally dus to
an lncreared efficlercy of the dual corbination but rather
0 a groatly recduce’l efficiency of tke sirgle~rotatling
propelloers, It npweerrs {ron flgure 43 thet the affliclen-
ey of she cual pronellers remailneild asboui coanstant for both
positions but tkat tke sirzglo-rotating propellers were
less efficleat for *ti.e pusker posltion boecouse of tho
probcblo effect of the rotating slipstrean and splancr on
inducing early separation

Iloro deteiled conparisons of tracitor snd pusher pro-~
pollers are #ivon in flguros 44 to 47. The slngslo-
rotatinz pusher promollors wore fron O to 7 porcont loss
:6fflicient than tho- corrosponding tractor »ropollors and
fron O to 10 porcont loss officlent than tho tractor pro-—-
pollorae tostodl with tho wirng., Tho ZAusl propollors »Hro-
vidod about the sane officlency, within a fow porceat,
1rrospocilveo of whotkor tkoy woro tostod as tractors or as
pusncrs anéd whothor or not a wlng was prosont,

Conparisong of officioncy and thrust based on cone
stant powor.~ Sinco tho dual-rotating propellors absorbod
sonowhot nore power at tho sanc blade-anglo setting then
tho singlo—-rotating propellers, the effect of dual rota-
tion on efficlency and thrust should be-based on equal
powar absorption., BSuch couparisons are nafle 1in flgures
48 to 50 for offilclency and in figures b1 to 53 for thrust.

The efflclency galns 2t pepk T due to dual rotation
conpare favorably with those basol on the V/nD envelope
curvee; even greator gsains aro ovidoant, howover, for con-




ditlons corresponding to the take~off snd c¢lind, This fact
is brouskt out to better advantago in flguros 51 to 53,
whoreln tho relative thrust of dual- and: silngle-~rotating
propellore 1l plo%ttod, It nmay bo noted that tkoe tako-oZf
ané clindbing thrust was incrocsed as auch as 40 or 50 pore-
cont Tor tho rost extrome caso, nnnoly, tho four-blade
propollior oporating at Cp = 0.6.

This 1ncroased thruet may bo ‘ncecountod for partly dy
tho fact that dual~rotating propellors cbsorbved nore power
than single~rotating oanes and, conseguently, bhLe Ddlade-
angle setilags for the cdual m»ropellers were lower than
for sinpgle~rotating propellers, martleularly for thé take-
oif and c¢liabirnz corditions, This lower bdloe~anzle set-
tirg reculted in zreater thrust for a gilven power ountput,
owing to the higher lift—-drac ratlos of tre elexents and
to rore favorable veloclty-vector relatlonships, Also,
witk dual prorellers the losses due to slipstrean rotation
are greantly reduced, which accounts for a large nercentage
of the raln in effliciency.

That tho dual-rotating nropellers absorbed nore power
thar tho single~rotating pronellers, partlicularly for the
take—~olf and clinabing condltions, 28y be accounted for,
as rzontlored in w»nroevious ronmorts, by the fact that tho rear
propellaor of tho dusl arranzonent was operstling in tho slipe-
strecan of thoe froat propoller whlic was twistlng in a dil-
roctlon opposito to the rotation of tho rear propeller,
This conditlion 1ndicatos that the rotational voloclty of
tho roar propcllor relatlivo to tho alr wes greator than
that of thc front propeliler of the Aual conbination; hoavce,
tho roar propoller was produclng aorc thrust. Tho ro-
vorsc o~ foct was prosceat for the singloe—~rotatling propole-
loers and accounts for tho largo differonces 1in powor ab-
sorbed for singlo- and dual-~rotating propollers, N

That tho roar propollor of tho dual conbination hnd a
higher offoctlvo rotational voloceity than tho front one
wlll probadly rosult in highoer conprossiblllity losses
whon tho propellors arce oporated at :igh tip spoeds, ale
though tho difforoncos nay bo unlaportant for tho high-
spood flight condition,

Of Iintorost, also, 18 tho effoct of solldity on effl-
cloncy at constant powor, whlch is shown in figures 54
and 55, It noy be notod that incroasing thoe solidity
groatly increnscd the effleclonecy for tho take~off and
cllmbing condlitions, wlth somo loss at high speod, This




effoot of ineromscd officloncy at lovw valuos of V/nD,
discussod in gomo dotall in roforomnco 3, was duo cilofly
.%o roduecing tho angle of attack of:oporation, thorody lan-
croasing tho IL/D of tho socctions,

Prolimianry doslgn chprtg.- In tho selooctlion of pro-
pellers for now high~porformance alrplance thoro may be
somo cholco as to tho numbor of blades to bo employod and
alaso whothor trhoy should be singlo or dual rotating. 1In
ordor to sava timo in soloeting propcllors, several charts
aro includod that may prove to be convoniont,

Tiguros 56 and E7 present comvosite skeleton Oy
charts thet eahow tho envelopes of the operatliag curves for
three~-, four-, Bix-, and eight-blade single- nnd dunl-
roteting propellers. Tha relative efficlenclioes and dlomo-
tores mny ve determlined direoctlr for any set of oonditionsa.

Innegxuci: ns compresslidilisty 1s an imnportant design
parametor, which 1s mneglected 1n %th Cg charts, an eddi-
tional chert is provided im figure 63 to relato rotational
and kelicel %tip speocde with V/nD, The speod of sound in
standerd atmosplero 1s also iven for coanvenlonce, With
forward spcod cnd linlting holleal t1p spood known or as-—
sunod, the liniting V/aD and rotntional spood may be
road dlroctlyr and uscé 1n connoction wiith the GB charte

proviously Goscribod, Tkosc charis thus provide an oasy
monneg for dotorulaning for proliminary conputatlons not
only tho dlamotor Tut alsc tho roar ratio for poak-offl-
cloney opoerntlon for cack pronollor solidity.

CONCLUSIONS

Tho onorel offocts of dual rotetion on propollor
charactorietico found in tlis investintion of pushor pro-
pollors diffared only in CQogroo froa thoso listod in pro-
vious roports of tractor propollers., Thoso offccts ~ro
. sumnuprizod moroe spocifilecally in tho followlngz concluslons
rolating to the prosernt investligation.

1., Singlo-rotntinz pushor propollors woro found to
be from O to 10 porcont loss officlont than corresponding
tractor propcllers; but dual-rotatlins pushor propollors
hod about tio samo officloncy ae tho corrospondling trac—
tor propollors,
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2+ The poek efficioncy of dunl-rotating pusher pro-
pollors wag found %o bo from 1 to 16 parcont highor than
that for singloe~rotatlng propellors. Thoe gair in offl-
cloncy dopendod upon tho blado~anglo sotting and the nun-
bor of bledos, tho klghor of oithor the f£roator the galn,

3¢ Dual-rotatlng propollors woro found.to bo sub=-
stantinlly noro officiont for tho tako—-off and clinbing
conditions of fll~skht tahan tho slanzlo~rotating propollors,
particularly for oporation at hilzh powor coofflclonts.

4, Tho poak blado officioncy was found to docroaso
with Increasod numher of tla‘os for the sinslo~rotating
2shor propollers tut not for tho dunl-rotating prcpellors.

5. Tho officicncy for tro tako-off Aand clinblng cone~
flitions incroosed subssentinlly with incroasos in nunbor
of blodos for conztnnt vowor 1Input wlth n slight loss at
tho hlgl.-spood coandition,

6, Dual-rotating »ropollors wore found to absord
substantinlly nore powor at poak offlciceaey than ginglo-
rotatlaz pronellors of tko samo solidity; tho cffoct was
oven nore pronounced for thv tnxo-off and clindb condl-
tions.

7o Tho powor absorbcidl ner blado at ponk efficliency
decrensed gligzhtlr with increased nrumbers of blades, nore
go for single rotation thoan for ual rotetlon,

8. A large increase 1an the length of the svinner rew
sulted 1n several percent increaso 1n the not efficlency
of a single-rotating propellor dut the faln was negligible
for a dual-rotating propellor,

Langleyr ilomorial Aeroxnutlical Linbvoratory,
Naotlional Advisory Connlttoo for Acronautles,
Langley Fiold, Va,.
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Figure 1.- Six-blade single-rotation propeller installed in long spinner.
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Figure 3.- Six-blade dual~-rotation propeller installed 1n short spinner.
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Figure 40(a,b).-Efficiency envelope comparisons for different solidities.
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Figure 43.-Effect of dual rotation on efficiency envelopes for tractor and pusher propellers.
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Figure 44.-Comparison of efficiency envelopes for tractor and pusher propellers, single rotation without wing.
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Figure 45.-Comparison of efficiency envelopes for tractor and pusher propellers, single rotation.
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Figure 47.-Comparison of efficiency envelopes for tractor and pusher propellers, dual rotation.
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